Introduction {#sec1-1}
============

The recent successful integration of virtual reality into the field of medicine and rehabilitation shows the technological potential to permit patients to face a challenging environment, is safe and ecologically accepted, and allows the maintainance of experimental control over the integrated stimuli. Virtual reality interface devices have expanded to the areas of entertainment, military defense (Armstrong et al., 2013), fitness (Lotan et al., 2009), medicine and rehabilitation, using virtual reality equipment according to the needs of the target group (Isaacson et al., 2013; Nica et al., 2013; Tatla et al., 2013; Tunik et al., 2013; Vermetten et al., 2013). Physical therapies using virtual environments in patients post-stroke (August et al., 2006; Cameirão et al., 2010, 2012; Prochnow et al., 2013) and in patients with cerebral palsy (Li et al., 2009; Golomb et al., 2010) have improved functional and physical abilities; these changes are consistent with observed neuronal reorganization in the brains of these patients.

Nonetheless, there remain problems linked to the usage of this technology exist, specifically with video gaming consoles such as the Nintendo® Wii, Sony PlayStation 2, and EyeToy, because these applications were initially designed for entertainment purposes and have been subsequently adapted for rehabilitation use (Flynn et al., 2007; Lange et al., 2010). Because they were designed for entertainment or amusement purposes, interfaces and software that require high performance on cognitive and motor tests and high levels of difficulty can present an obstacle to the patient or hinder the patient\'s rehabilitation by erroneously maximizing sensory output and generating abnormal mobility patterns, amongst other consequences. Because of these problems, researchers are developing games designed specifically for rehabilitation systems.

Moreover, it would be helpful to know the therapeutic applicability of different virtual reality interface devices to common motion characteristics, such as postural balance. Balance can be affected by pathological and nonpathological causes. Pathological causes include the aftermath of a stroke, traumatic brain injury, vestibular disease (unilateral labyrinthine syndrome), and orthopedics (ankle instability), while non-pathological causes include the result of the normal physiological aging process (Lafond et al., 2004; Ioffe et al., 2006; Rocchi et al., 2002, 2006; Lin et al., 2008; Arnold et al., 2009). Current treatment alternatives for balance training are conservative, such as the wobble board (Ogaya et al., 2011; Cloak et al., 2013). These methods can be unsafe for the elderly population and unattractive to the patient\'s adherence to treatment.

The objective of this paper is to investigate different virtual reality interface devices and how applicable they are to rehabilitation, *e.g.*, in post-stroke patients and in patients with cerebral palsy. The effects of the virtual reality interface devices used in balance training in musculoskeletal injuries, neurological pathologies and the care of elderly people should be further investigated.

Virtual reality in the rehabilitation: interfaces and design {#sec1-2}
============================================================

Several researchers have pointed out three key factors about virtual reality and its application during rehabilitation: (1) Repetition: plasticity is dependent on practice, and causes changes in neural organization in the brain. Repetition improves the learning of motor and functional skills. (2) Sensory feedback: it is widely known that the importance of multisensory stimulation in the rehabilitation of children with cerebral palsy is a global alteration. Maximum development of neural networks can be obtained by working through different channels. Virtual environments provide children with massive and intensive motor-sensory stimulation, which is needed to induce brain restructuring. (3) Individual motivation: this is reached on having focused the different activities that shape the therapy of the subject in a pleasant and appealing way (Holden, 2005; Adamovich et al., 2009; Monge Pereira et al., 2012).

Some authors have defined virtual reality as computerized technology that provides artificial sensory feedback, in the sense that the user obtains experiences that are similar to activities and events that take place in real life (Snider et al., 2010; Monge Pereira et al., 2012). That is, users experience motor learning in three dimensions, which corresponds to a movement performed in the real world (Cano de la Cuerda et al., 2010; Snider et al., 2010). Within the scope of this definition, highly technological interfaces have the power to generate virtual environments and mediate interaction with the user (Laver et al., 2011). The hardware, such as the central processing unit, monitor, keyboards, mouse, and joystick, allows the construction of a virtual environment. However, for the environment\'s generation and implementation, the presence of one or several pieces of software is required. These software products can be defined as the logical media that enable the creation of specific tasks, allowing an interface or connection with the user.

In a virtual reality interface, the user is connected to the system as a part of an input/output loop, allowing individuals to provide inputs to the virtual environment and experiment as a result of that input (Lange et al., 2010). Virtual reality systems offer a simulated environment that allows the user to have a real-time interaction through a computer. To locate the user inside a real-time loop simulation, virtual reality systems require an output or visual interface (Head Mounted Display or flat screen), input interfaces for interaction (mouse, joystick or wired gloves) and tracking devices. The software or virtual environment can be seen through the output interface, and this can be manipulated through input interfaces. [Figure 1](#F1){ref-type="fig"} shows the components of a virtual reality system.

![Structure of a virtual reality device.\
The participant is located in real time inside the virtual simulation; this requires a visual interface that functions as an output, in addition to an interface for interaction with the virtual environment like a joystick or balance board (input device), and finally a tracking device. ID: Input device; OD: output device (Designed and Produced by Guillermo Andrés Méndez-Rebolledo).](NRR-9-888-g001){#F1}

Fitzgerald et al. (2008) used a conventional computer and Nintendo® Wii Fit Balance Board to carry out exercises that could reduce postural instability, improve balance, and facilitate better weight distribution. These games were developed using a process called User-Centered design, incorporating feedback from those who are most concerned (therapists, patient and caregivers) into the development process, as well as in the refinement of the product. The Rehabilitation Gaming System has been designed as a flexible, virtual reality-based device for rehabilitation, especially for neurological patients (Prochnow et al., 2013; Orihuela-Espina et al., 2013). The Rehabilitation Gaming System is used frequently in the rehabilitation of motor deficits after damage to the brain such as stroke. Moreover, the virtual reality-based device is a novel neurorehabilitation approach since it is associated with the mirror neuron system (Prochnow et al., 2013; August et al., 2006) and motor intention that can be used for visuomotor training (Prochnow et al., 2013). The model of visuomotor training was demonstrated in eighteen healthy right-handed volunteers from the analysis of functional magnetic resonance imaging that showed extensive activity in frontal, parietal, temporal, cingulate and cerebellar areas (Prochnow et al., 2013).

Lange et al. (2010) have pointed out that there are different stages in user-centered game design. The process commences with interviews with those concerned, and observational studies about the game\'s activities. The interviews consist of collecting information (experience, details and qualitative data) through user-friendly qualitative questionnaires. The observational studies are a kind of game testing, used to identify processes involved in the game\'s activity. The following phases include brainstorming and the suggestion of game ideas. Brainstorming ideas for the development of the game use all of the information collected in previous stages and define the main problem of the game. Once the most appropriate idea is selected, a game prototype is built and the game testing cycle begins. After this cycle has reached an end, the game can be developed in a planned format and can be trial-tested on a larger scale to determine if (1) the game is fun, (2) the graphics are appropriate and entertaining, (3) the game is appealing, and, maybe more importantly, (4) the game carries out the goals of the required therapy.

Classification of virtual reality interfaces {#sec1-3}
============================================

There are several ways to classify virtual reality. One of them is related to the specific patient population. Thus, numerous types of rehabilitation can be distinguished, like musculoskeletal virtual rehabilitation (orthopedic), post-stroke virtual rehabilitation, and virtual cognitive rehabilitation (Burdea, 2003). Another way to label virtual rehabilitation is linked to the rehabilitation protocol. Here we can distinguish virtual reality-augmented rehabilitation from virtual reality-based therapy. With regard to the first, the patient undergoes treatment consisting of conventional exercises executed on equipment available in the clinic or at home, as well as a regime of simulated virtual rehabilitation exercises. In the second case, the conventional exercises are completely eliminated and a new approach is adopted where virtual rehabilitation is the means by which the patient achieves recovery. However, we do believe that the classification suggested by Wang and Reid (2011) is the most appropriate. They indicate three types of screen interfaces that can be classified according the type of interaction between an individual and a computer: (1) feedback-centered interaction, (2) gesture-based interaction, and (3) haptic stimuli-based interaction.

Feedback-centered interaction {#sec2-1}
-----------------------------

This virtual reality modality is based on the delivery of reinforcement or feedback to the base or conventional therapy of the patient. This type of human-computer interaction is typically one-dimensional and it only varies quantitatively. An example of this is electroencephalography used as feedback. This process uses electrical signals produced by the active brain, which can be tracked, monitored, and measured through the external positioning of electrodes on the scalp of the individual. The patterns of the electroencephalographic signals indicate the excitation levels of the brain as well as the diverse areas of activation. For example, for children who suffer from Attention Deficit Hyperactivity Disorder, electroencephalographic patterns are used to control or level cerebral excitement, given that they compare normal and abnormal patterns through monitors, producing feedback that is used to regulate cerebral activity and neural reorganization (Gorrindo and Groves, 2009; Bioulac et al., 2012). The use of virtual reality integrated into the rehabilitation of lower limbs on children with cerebral palsy has also been examined. A screen with a two-dimensional fantasy world in front of a treadmill was used with the purpose of promoting treadmill training (Kott et al., 2009). In a similar fashion, post-stroke patients were trained in front of a screen that represents a virtual environment. These patients improved their weight distribution from one hemibody to another during treadmill training with a partial body weight-supported interface (Walker et al., 2010).

Gesture-based interaction {#sec2-2}
-------------------------

This system includes specialized cameras to capture points of reference of a target (for example, the human body) during several motions. Then, in real time, the captured image is projected to facilitate the interaction between the target and the virtual environment. According to Wang and Reid (2011), there are two available basic systems with these capacities: those designed specifically for rehabilitation purposes and those designed primarily to entertain. All of these motion capture systems allow users to look at themselves in the virtual environment while they perform activities. These types of virtual reality systems have been used in patients with spinal cord injury (Kizony et al., 2005) and cerebral palsy (Li et al., 2009), and in post-stroke patients (Flynn et al., 2007). The evidence indicates that virtual reality-based gesture therapy in stroke survivors promotes neural reorganization in the motor cortex, prefrontal cortex and cerebellum, especially in patients with greater impairment (Orihuela-Espina et al., 2013). However, a key challenge in neurorehabilitation is to establish optimal training protocols for the given patient.

One clear example of gesture-based interaction is the use of the Nintendo® Wii and its Peripheral Nunchuks-Balance Board, which allows the user to participate in baseball, tennis, and football matches, just to name a few. Nevertheless, as stated before, these interfaces and their software products have been designed for entertainment functions, so their use in rehabilitation must be exhaustively investigated and subsequently validated with regard to people with diverse dysfunctions.

Haptic stimuli-based interaction {#sec2-3}
--------------------------------

This type of virtual reality system is characterized by using haptic stimuli as well as a virtual environment. In other words, haptic interfaces enable the user to perceive mechanic stimuli inside a virtual environment. In this way, besides visual (pictures of items, places, people), vestibular (environments that change their position or orientation from the user\'s perspective) or olfactory feedback, these interfaces include somatosensory (mechanical) feedback, granting a larger amount of input interrelated to the user\'s central nervous system. Traditional haptic interfaces comprise different types of devices, from a classic computer mouse to a touchscreen. Over the last few years, complex haptic systems including sensory gloves and haptic roboticic systems for the lower and upper limbs have been developed. The Center for Advanced Information Processing, Rutgers, along with staff from the State University of New Jersey, designed the Rutgers Master II-ND glove, which is a haptic interface allowing the interaction of the hand of the user inside a virtual environment (Bouzit et al., 2002). This interface allows the user to move all their fingers independently and provides force feedback of up to 16 N. In this way, the user experiences typical virtual reality feedback combined with somatosensory stimuli in real time.

Virtual reality interface devices used in balance training {#sec1-4}
==========================================================

Balance training has been prescribed by therapists for a series of medical conditions, such as musculoskeletal injuries (Howells et al., 2013), neurological pathologies (Hill et al., 2009; Kim and Park, 2013), and the care of elderly people (Flynn et al., 2007; Seco et al., 2013). Rehabilitation programs include activities and/or the use of interfaces that challenge patients' balance, by incorporating sensory information (visual, vestibular, and somatosensory) and integrating it into the central nervous system in relation to the generation of coordinated movement patterns. When there is a deterioration of this motor skill, a balance deficit is presented; in other words, the loss of the participant\'s ability to maintain the center of mass relative to the base of support.

Many virtual reality devices have been used in rehabilitation, *e.g.*, in patients with attention deficit hyperactivity disorder and improving the function of the hand or upper limb in hemiplegic patients ([Figure 2A](#F2){ref-type="fig"}, [C](#F2){ref-type="fig"}) and balance training in subjects with neurological disorders (Parkinson\'s disease, post-stroke, cerebral palsy) or older adults with loss of balance and normal individuals ([Figure 2B](#F2){ref-type="fig"}, [D](#F2){ref-type="fig"}).

![Virtual reality devices used in rehabilitation and training.\
(A) Visual feedback presented at the computer display is regulated from the electroencephalogram, for patients with Attention Deficit Hyperactivity Disorder, (B) Nintendo® Wii Fit and Nintendo Balance Board, (C) Haptic Glove, which provides haptic stimulus, (D) Cave Automatic Virtual Environment, virtual reality device used for high-immersion dynamic posture training (Designed and Produced by Guillermo Andrés Méndez-Rebolledo).](NRR-9-888-g002){#F2}

Balance near automatic virtual environment {#sec2-4}
------------------------------------------

This is an immersive system with stereoscopic images in which the virtual environment is projected all over the patient\'s visual field, placed on a dynamometric platform in the center of the "virtual room". Patients were put into groups according to the presence or absence of vestibular malfunction, and watched scenes in motion. Motion in the patients' head, pressure center and electromyographic register is recorded. Both groups responded to visual stimuli with substantial increases in their head motion and body balance in synchrony with these stimuli (Whitney et al., 2002), confirming the effect of visual stimuli provided by virtual reality systems. However, the use of these interfaces may allow a graduated immersion of the patient into visual stimuli, hence making balance training easier.

Cave automatic virtual environment {#sec2-5}
----------------------------------

This is regarded as an immersive virtual reality environment that is known for its high resolution with three-dimensional video and audio features, fitted to a floored space with three walls (one frontal wall and two lateral ones). It is used in the study of the organization of dynamic postural responses in normal individuals, establishing that the controllers of posture in the nervous system can establish motion boundaries in each segment of the body instead of being guided solely by visual vertical perception (Keshner and Kenyon, 2000; Holden, 2005) ([Figure 2C](#F2){ref-type="fig"}).

Head mounted displays {#sec2-6}
---------------------

These offer images in the highest possible resolution because of their proximity to the eye. They consist of one monocular or binocular device, and since they are placed on the head of the user, they can follow the user\'s movements, making them feel integrated into the environment created by the computer (Monge Pereira et al., 2012). However, they have drawn much criticism because they generally restrict movement, are heavy, provoke nausea, give a limited visual field, and are uncomfortable. Nonetheless, Milhalik et al. (2008) carried out a study where they tested whether the weight of a head mounted display (HMD) interface influences performance on balance tests. They observed that the balance of the individuals using HMD was not affected by this interface. However, the researchers indicated that patients perceived some degree of apprehension towards the HMD interface, as they could not visualize parts of their body (*e.g.*, feet) when looking down at the floor.

Computer assisted rehabilitation environment {#sec2-7}
--------------------------------------------

This is virtual reality software that has been used in treadmill training with post-stroke patients. It is known for being a mixed system because it incorporates virtual reality, detects disturbances on the walking surface through a modified treadmill, and has a bar used as a haptic interface for the fingers of the patient (Fung and Perez, 2011). This haptic interface has become an efficient and innovative way to enhance postural control and dynamic stability. It combines a display screen with the manipulation of physical environment along with haptic feedback to improve equilibrium and mobility after a stroke.

Nintendo® Wii and peripheral nunchuks-balance board {#sec2-8}
---------------------------------------------------

This video game console, originally designed for entertainment purposes, has been used in much therapy-driven research. The player is represented by an avatar in the virtual environment, which is controlled by a peripheral interface (Nunchuk) that the user has to hold in their hand. The software measures the movements of the player and these are transferred to the screen; this remote control detects changes in acceleration and orientation, and the system adjusts feedback according to these parameters. The peripheral device provides haptic feedback; games offer not only plentiful visual and auditory feedback, but also the opportunity to include more players with different difficulty levels. Nevertheless, the Wii Balance Board is the most used peripheral interface when it comes to therapeutic purposes related to balance. Along with the Nintendo® Wii Fit game, it allows the user to train the displacement of the pressure center in the support base (Lange et al., 2010). The Balance Board consists of four load cells distributed in each of its four corners, which is similar to how force platform posturography, created to evaluate and measure balance in a quantitative form, works (Lange et al., 2010; see [Figure 2B](#F2){ref-type="fig"}).

Sony® PlayStation 2 Eye Toy {#sec2-9}
---------------------------

This is based on the capture of the user\'s motion that is represented in a virtual environment. In this way, the patient constantly interacts with the challenges imposed by video games. Flynn et al. (2007) carried out a case study of a post-stroke patient who underwent a rehabilitation program using the PlayStation 2 Eye Toy. The requirements of the game tests included objective-based movement, balance, and motor planning.

Telerehabilitation {#sec1-5}
==================

Recent innovation in telerehabilitation systems has allowed post-stroke patients to have access to long-distance rehabilitation services through a remote location (Holden, 2005), eliminating self-formation problems in rehabilitation. Furthermore, it increases the number of motor gestures in diverse functional situations, thus keeping patients from getting bored by a repetitive and monotonous motion. Telerehabilitation systems, in theory, could make motor learning easier thanks to the assistance of the learner\'s motor planning system in a natural way; in other words, through imitation learning (Keshner and Kenyon, 2000).

Effects of virtual reality on balance {#sec1-6}
=====================================

In recent years, several scientific articles have been published about the effects of virtual reality on balance, measured primarily through scales or clinical trials (Csuka and McCarty, 1885; Duncan et al., 1990; Podsiadlo and Richardson, 1991; Berg et al., 1992; Corry et al., 1996; Boyd et al., 1999; Johnston et al., 2004; Kim et al., 2004; Lafond et al., 2004; Tyson and DeSouza, 2004; Kennedy et al., 2005; van Hedel et al., 2005, 2007; Whitney et al., 2005; Stratford et al., 2006; Hill et al., 2009; Kouzaki and Shinohara, 2010; Kouzaki and Masani, 2012). However, few publications have used technologically objective measurement systems, such as a force platform, to measure the effects of virtual reality. Force platforms provide several measurements that reflect postural balance, such as the area, velocity and sway in the anteroposterior and mediolateral directions, based on center of pressure excursion (Kouzaki and Shinohara, 2010; Kouzaki and Masani, 2012). Center of pressure is defined as the location of the vertical ground reaction force vector (Onambele and Narici, 2006). Studies show that loss of balance may occur in healthy people (Podsiadlo and Richardson, 1991; Johnston et al., 2004) as well as patients suffering from neurological disorders, when the displacement of the center of pressure is outside the boundaries of stability.

For non-pathological causes such as the effects of age, the loss of balance in seniors is well known (Kouzaki and Masani, 2012). In fact, postural instability has been identified as the greatest intrinsic factor in falls, which can potentially be influenced by some means of intervention (Tinetti et al., 1988, 1994; Horak et al., 1989; Shumway-Cook et al., 1997; Aruin et al, 1998; Duarte and Zatsiorsky, 2002; Moghadam et al., 2011). In this vein, Bisson et al. (2007) based a study on a quasi-experimental design by forming two study groups consisting of healthy older adults who were not prone to accidental falls. Participants of the virtual reality group used a "juggler" application from a computerized exercise program called IREX. They underwent standing training in front of a monochrome wall to enable a video camera to capture their image in real time, which was sent to a unit for computational processing. The virtual environment was generated using color subtraction software, which first removed the background from the video image allowing for the isolation of the participant\'s image, and then incorporated virtual objects. Conversely, the biofeedback group carried out this task in conjunction with a force platform, where a red cursor represented the center of pressure position in real time, providing visual feedback on a monitor in front of the participant. Senior adults in each group attended two 30-minute sessions per week, for a total of 10 consecutive weeks. The results of their study showed that both training groups significantly improved on the Community balance and Mobility Scale, as well showing a decline in reaction times. However, the postural sway in the mediolateral and antero-posterior directions during quiet standing posture with the participants' feet apart, feet together, and a dual task showed no significant difference between the groups, and training rates did not differ significantly in terms of center of pressure displacement.

Gatica et al. (2010) improved the measured balance based on area and velocity of the center of pressure in a sample of 20 older adult participants who were not at risk for falls. During quiet stance, these variables dropped significantly, and in tandem the center of pressure decreased greatly. Both changes were observed in the phase when patients were looking straight ahead with their head erect. This quasi-experimental research design (a convenience sample) employed a protocol of 20-minute training sessions, 3 times per week, for a total of 8 consecutive weeks. Evaluations were carried out from the start and at weeks 3, 6 and 8 of training. The virtual reality training protocol employed the use of the Nintendo® Wii and its peripheral Balance Board. The biggest advances with regard to balance were obtained 6 weeks after training.

Balance can also be evaluated using clinical measurements. Clinical scales are meant to measure the functional balance of patients suffering from a clinical condition, like post-stroke (or Acquired Brain Injury). These clinical evaluations are classified along scales of functional balance for both static and dynamic conditions. Some easily identifiable static evaluations are the Berg Balance Scale, the Brunel Balance Assessment and the Anterior Reach Test while some examples of dynamic scales include the Timed Stair Test, the Stepping Test, the 10-Meter Walk Test, the 1-Minute Walking Test, the Time "Up and Go" Test, and the Sit-to Stand Test amongst others (Csuka and McCarty, 1885; Duncan et al., 1990; Podsiadlo and Richardson, 1991; Berg et al., 1992; Corry et al., 1996; Boyd et al., 1999; Johnston et al., 2004; Kim et al., 2004; Tyson and DeSouza, 2004; Kennedy et al., 2005; van Hedel et al., 2005, 2007; Whitney et al., 2005; Stratford et al., 2006; Hill et al., 2009).

Gil-Gómez et al. (2011) recruited 17 hemiparetic patients with acquired brain damage for a single-blinded randomized controlled trial. For balance training, this research team designed the "easy Balance Virtual Rehabilitation" system, which is used to improve balance by providing motivational tasks and orientation exercises designed by physical therapists. The hardware components of the "easy Balance Virtual Rehabilitation" system are based on a conventional computer, a 42-inch LCD screen and a Nintendo® Wii console in addition to its peripheral Balance Board. In this way, the exercises are operated on the computer, and the system uses the Wii Balance Board/easy Balance Virtual Rehabilitation as an interface. The trial group received a total of 20 training sessions (1 hour each session) with a minimum of 3 and a maximum of 5 sessions per week. The control group received the same amount and frequency of treatment, but with conventional exercises aimed at improving balance. The trial group that used the "easy Balance Virtual Rehabilitation" system showed a significant improvement on static balance tests, such as the Berg Scale and the Functional Reach Test, in contrast to the control group that received traditional treatment. However, no significant differences between the trial and control groups were found for the measurement of dynamic balance, using the Timed Stair Test, Stepping Test, 10-Meter Walk Test, 1-Minute Walking Test, Time "Up and Go" Test, or Sit-to-Stand Test. However, each study group improved in a similar fashion over time in all measures for dynamic balance, which could mean that each training session independently contributed to dynamic functional balance (Gil-Gómez et al., 2011).

Research on virtual environments has not only been shown to improve balance in pathological conditions, but it has also contributed positively to the functional abilities of patients. For example, Golomb et al. (2010) used telerehabilitation to train three patients with severe hemiplegic cerebral palsy for 3 months. Virtual rehabilitation systems were installed in the homes of patients by means of a video game console connected to a remote monitoring system. Feedback and monitoring were established through a DSL connection with the hospital as well as with the Tele-Rehabilitation Institute, Rutgers University. The patients exercised the affected hand 30 minutes a day, five days a week with a sensor glove placed over the hand and connected to the video game console. The results of this pilot study showed an improvement in hand functional skills (lifting objects and improving range of motion). The functional skills of the affected hand improved and were reflected in the changes of neural reorganization in the brain that were observed through functional magnetic resonance imaging (Golomb et al., 2010).

Probable mechanisms of action of virtual reality on balance {#sec1-7}
===========================================================

Three sensory systems are involved in balance and human posture: vision, vestibular, and somatosensory (mechanoreceptors and proprioceptors). These systems deliver feedback mechanisms that generate an appropriate corrective torque based on how (1) the vestibular sensory cues detect deviations of head orientation from the vertical (gravity), (2) the proprioceptors detect orientation relative to the support surface, and (3) the visual sensors detect head orientation relative to the visual field. In this way, visual receptors, proprioceptors, and mechanoreceptors are the direct route of input entry provided by virtual environments (Peterka, 2002).

Virtual reality interfaces (see previous section) with the objective of training balance provide enriched feedback with visual, vestibular, and somatosensory input. This approach allows the central nervous system to experience plastic phenomena that elicit efficient motor responses to keep the center of body mass inside the support base, thus avoiding falls in elderly people (Schellenbach et al., 2010), improving treadmill patterns (Duque et al., 2013) and maintaining adequate balance (Keshner and Kenyon, 2004; Rendon et al., 2012). Virtual reality can be used in several ways to train postural control and, therefore, the balance of a patient. Adamovich et al. (2009) state that visual feedback is one of the most used sensory inputs in a virtual reality setting, presenting two methods of intervention. First, virtual reality can be used to manipulate visual feedback with the aim of producing conflicts between somatosensory, vestibular, and visual information, while also permitting the training of different sensory systems (Keshner and Kenyon, 2004). Second, virtual reality feedback can be systematically regulated (in terms of speed and complexity), with the aim of challenging the static and dynamic postural control of an individual in the course of their sensorimotor training.

Moreover, the training of balance is habitually based on the repetition of specified movements in the sagittal, frontal, and transverse planes, in addition to the integration of force, flexibility, and resistance. Older adults have a significant reduction in the number of falls and in the percentage of these types of events when they commit systematically to this mode of training (Gillespie et al., 2003; Sherrington et al., 2008; Sakurai et al., 2011). In young patients with knee instability, a balance training on a Wobble board significantly improves knee function and reduces the number of recurring incidents (Cloak et al., 2013). In this sense, it is difficult to train significantly aged populations or those with motor deficiency due to acquired cerebral damage on unstable surfaces, which could result in an insecure environment for these people. In addition, many of these therapeutic tasks are based on the repetition of exercises that may affect motivation or patient adherence to treatment. Therefore, virtual reality is an innovative method that manages to attractively incorporate technology, security and therapeutic training objectives proposed by professionals (*e.g.*, physical therapists) to their patients. In contrast to other therapeutic methods that can be tedious, costly, and dull with regard to their repetition in each treatment session, virtual reality can not only improve the balance of patients (Gil-Gómez et al., 2011) (*e.g.*, post stroke) but can also contribute to improving functional tasks because virtual environments allow interactions related to activities of daily living (repetition improves the learning of motor and functional skills, indicated in the previous sections). Sveistrup (2004) notes that motor impairments are improved when using virtual reality technology in the treatment of patients with acquired brain damage.

Conclusion {#sec1-8}
==========

Virtual reality interface devices represent a good tool for developing therapies that contribute to postural balance and patient motor function. The diversity of virtual reality interface devices initially developed to entertain can be adapted for therapeutic purposes in patients. These adaptations often reduce the economic cost that involves the acquisition of specific software for rehabilitation. Both interaction and immersion in virtual environments constitute the input mechanism of sensory systems (visual, vestibular and kinesthetic) and the central nervous system, adjusting postural control and balance. Future research should incorporate methods of balance measurement that are more accurate and objective (*i.e.*, force platforms). The background information provided in this research could substantially contribute to physical rehabilitation strategies.
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